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Abstract 
    This study aims at a better understanding of the temperature characteristics for vertical cable tray fire in a 
naturally ventilated compartment. Based on the assumption that the ceiling jet flow entrains hot gas from the upper 
smoke layer, a model has been proposed to predict the temperature of the jet flow for vertical cable fire. Unlike the 
existing models, the effect of upward spreading flame on the temperature was taken into account. Fire experiments 
were conducted under different cable layouts to examine the model. Good agreement between the temperature 
predicted by the model and the experimental results was achieved, despite that the fire behaviour varied significantly 
with the cable spacing. 
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1. Introduction 
Understanding of behaviour for electrical cable fire is of significant importance for fire protection in 
buildings, and especially in power plants. Many experiments of electrical cable fire have been conducted 
and models developed for predicting the temperature evolution. A widely-adopted model is the so-called 
two zone model, in which the compartment is divided into two parts, the upper layer and lower layer. 
Existing models usually consider immobile fire sources and assume that the distance of flame to ceiling is 
constant. However, in the case of a vertical cable fire, the cable itself is the fire source after ignition and 
the flame spreads upward during the fire, resulting in motion of the fire source and variation of the 
distance of the flame to ceiling.  
This study developed an improved two-zone model by taking into account the upward spreading of 
the flame during the fire, aiming at a better understanding of the temperature evolution for vertical cable 
tray fire in a compartment with natural ventilation. Vertical cable fire experiments were also conducted in 
order to examine the proposed model.  
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2. Theory model 
Generally, for a fire in a compartment, the convective heat flux transferred to the ceiling can be 
estimated from parameters including the gas temperature, heat release rate of fire, and geometry of the 
compartment [1,2]. The heat flux decreases along the ceiling with increasing radial distance to the 
stagnation point. For the unconfined ceiling, the ambient temperature is used for estimation of the 
temperature for the ceiling jet flow in the model as the ceiling jet flow consists of the fire plume and the 
entrained ambient air [3]. With regard to a closed compartment with confined ceiling, according to 
Gupta's work [3], the gas entrained into the ceiling jet flow is from the upper smoke layer instead of the 
ambient air, and as a result the ambient temperature used in the model is to be replaced by the 
temperature of the upper smoke layer. Once the compartment is equipped with natural ventilation, 
variation of the temperature of the upper smoke layer was taken into account according to the formula 
developed by McCaffrey, Quintiere, and Harkleroad (MQH) [4]. It is important to note that, for a vertical 
cable fire which is characterized by upward spreading of the flame zone, the distance from the flame zone 
to the ceiling decreases during the fire. Consequently, the strength of impingement of fire plume on the 
ceiling varies. To better illustrate the influence of the vertically moving flame zone on the ceiling jet flow, 
a variable, namely the distance from the flame tip to ceiling, was introduced in the proposed model to 
substitute the distance from the fixed fire source to the compartment ceiling that is commonly used in the 
existing models. 
   The proposed model can be represented by the following formula 
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where T is the temperature of the ceiling jet flow, ୥  upper smoke layer temperature, ሶ כ  the 
dimensionless heat release rate, Ⱦ a coefficient, ୡ the height of the compartment, D the distance from the 
flame tip to the ceiling, r the radial distance from given point to the stagnation point.  
3. Experimental 
Experiments of vertical cable tray fire were carried out in a compartment with glass boundaries 
around [5] as depicted in Fig. 1. To simulate the condition of natural ventilation, the door of 2 m height 
and 0.9 m width was kept open during the experiments. The cable tray (0.3 m wide and 2 m long) was 
made of stainless steel. Eight XLPE/PVC cables were mounted as two layers in the tray in each test. Two 
cable spacing, 0 and 9.2 mm, were used in this study. A band-shaped burner located at the bottom of the 
tray was used as a 20 kW ignition source by burning pre-mixed air and propane for igniting the cables. 
Duration of the ignition process was fixed to be 240 seconds. 
Mass change of the cable tray during fire was recorded by an electronic scale (Sartorius LA64001S) 
with a precision of 0.1 g. The mass loss rate was calculated by taking the first derivative of the measured 
mass loss curve. Heat release rate of fire was calculated from mass loss rate multiplied by the heat of 
cable combustion which was assumed to be constant. Video of the experiments was recorded with a 
digital camera (SONY HDR-PJ10,HD1080p) running under 25 frames per second, based on which the 
varying distance from the flame zone to the ceiling was obtained. Temperatures were measured with a 
thermocouple array vertically placed in the middle of the room, which consisted of ten type-K armored 
thermocouples with a spacing of 0.3 m [6]. The top thermocouple was 0.02 m under the ceiling and the 
lowest one 0.3 m above the ground.  
4. Results and discussion 
Fig. 2 shows that both the mass loss of the cable tray and the distance from the flame tip to the ceiling 
differed significantly for cable spacing of 0 and 9.2 mm. Similar behaviour was also observed for the 
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measured temperatures for the ceiling jet flow as shown in Fig. 3. These observations clearly indicated 
that the cable spacing has a significant impact on the behaviour of the vertical cable fire. In great contrast, 
however, regardless of the different cable spacing used, the temperatures predicted by the model were in 
good agreement with the experimentally measured values in both cases (Fig. 3). 
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Fig 1. Schematic diagram of vertical cable fire experiment in the compartment 
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Fig. 2 Mass loss history of the cable tray (left) and distance from the flame to the ceiling (right) 
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Fig. 3 Comparison of Tem-1 temperatures from model prediction and experiments for different cable 
spacing. Note that Tem-1 represented the maximum temperature observed, and hence the temperature for 
the ceiling jet flow. 
5. Conclusion 
Based on the assumption that the ceiling jet flow entrains hot gas from the upper smoke layer, a model 
has been proposed for predicting the temperature of the ceiling jet flow for vertical cable fire in naturally 
ventilated compartments. One important feature of the model when compared with the existing models 
lied in that motion of the fire source and upward spreading of the flame during the fire has been taken into 
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account. Good agreement was achieved between the predicted temperatures by the model and the 
experimental results.  
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